David Cheung et al. ^ PATENT 

Application No.: 09/418,818 
Page 2 

a vacuum chamber; 

a substrate supporter, located within the vacuum chamber, for holding a 

substrate; 

a gas nianifold for introducing process gases into the chamber; 
a gas distribution system, coupled to the gas manifold, for distributing the \ 
process gases to the gas manifold from gas sources; 
\rv ^ — 1 a pov^er supply coupled between the substrate supporter and the gas manifold; 

^7 \ ( a vacuum systW for controlling pressure within the vacuum chamber; 

a controller, including a computer, for controlling the gas distribution system, 
the power supply and the vacuum system; and 

a memory coupled \o the controller comprising a computer readable medium 
having a computer readable program code embodied therein for directing operation of the 
substrate processing system, the comWer readable program code including: 

computer readable progtam code for causing the gas distribution system to 
introduce a first process gas comprising V mixture of SiH4 and N2O into the chamber to deposit 
a first plasma enhanced CVD layer over the wafer; and 

computer readable program c^de for causing the gas distribution system to 
introduce a second process gas comprising Jft^to the chamber to control the deposition rate 
of the first layer. 

2. A substrate processing sysrem as in claim 1 wherein the computer 
readable program code for causing the gas distribution system to introduce the first process gas 
comprising a mixture of SiH4 and N2O into the chamber controls the introduction of the SiH4 
to be between 5 to 300 seem, and the rate of N2O to fte between 5 to 300 seem. 

3. A substrate processing system ate in claim 2 wherein the computer 
readable program code for causing the gas distribution sVstem to introduce a second process 
gas comprising He into the chamber controls the chamberpressure at about 1 to 6 torr. 

4. A substrate processing system as in claim 3 wherein the computer 
readable program code for causing the gas distribution systermo introduce the first process gas 
comprising a mixture of SiH4 and N2O into the chamber control the introduction of the SiH4 
to be at a ratio of between 0.5 to 3 times the amount of N2O. 
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5. A substrate processing system as in claim 1 further comprising: 
mputer readable program code for causing the gas distribution system to 

introduce a third process gas comprising NH3 into the chamber; and 

computer readable program code for causing the gas distribution system to 
introduce a fourth process gas comprising N2 into the chamber. 

6. AVubstrate processing system as in claim 5 wherein: 
the computbr readable program code for causing the gas distribution system to 

introduce a third process gaa comprising NH3 into the chamber controls the introduction of the 
NH3 to be between a rate of (ko 300 seem; and 

the computer readable program code for causing the gas distribution system to 
introduce a fourth process gas ccmiprising N2 into the chamber controls the introduction of the 
N2 to be between a rate of 0 to 4000 seem. 

7. A substrate pmcessing system as in claim 1 further comprising computer 
readable program code for controUingythe gas distribution system to operate for a specified 
time period. 

8. A substrate proce^ing system as in claim 7 wherein the computer 
readable program code for controlling the)eas distribution system to operate for a specified 
time period comprises computer readable program code for causing the first plasma enhanced 
CVD layer to be formed to a thickness whicA is an odd multiple, greater than one, of a 
wavelength of light to be used in a subsequenaprocess operation on the layer. 

9. A substrate processing system as in claim 2 wherein the computer 
readable program code for causing the gas distrimition system to introduce the first process gas 
comprising a mixture of SiH4 and N2O into the chWber controls the introduction of the SiH4 
to be between 15 to 160 seem, and the rate of N2O ro be between a rate of 15 to 160 seem. 

10. A substrate processing systemVs in claim 9 further comprising: 
computer readable program code for causing the gas distribution system to 

introduce a third process gas comprising NH3 into the chamber at a rate of less than 150 seem; 
and 

computer readable program code for causing the gas distribution system to 
introduce a fourth process gas comi)n5iftgN2 into the chamber at a rate of less than 300 seem. 
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substrate; 



44. A substrate processing system, comprising: 
. process chamber; 

substrate support, located within the vacuum chamber, for supporting a 
a power supply; 

a gas delivery system for delivering process gases into the process chamber; 
a controRer configured to control the power supply and the gas delivery system; 



and 



a memory cOaiplea to the controller comprising a computer readable medium 
having a computer readable program embodied therein for directing operation of the substrate 
processing system, the compurer readable program including a first set of computer 
instructions for controlling the gVs delivery system to introduce selected deposition gases into 
the process chamber at deposited gas flow rates, a second set of computer instructions for 
controlling the gas delivery system ro add a flow of an inert gas to the selected deposition 
gases at a flow rate previously deterniined to achieve a desired low dep osition rate from a 
plasma enhanced reaction of the selected deposition gases, the desired low deposition rate 
being lower than a deposition rate using n;^ selected deposition gases at the deposition gas 
flow rates with a lower flow rate of the inert gas, and a third set of computer instructions for 
controlling the power supply to supply poweXto the process chamber to produce a plasma 
enhanced reaction of the deposition gases in th\ process chamber to deposit a fihn at the low 
deposition rate. 

45. The substrate processing s>^tem of claim 44 wherein the inert gas 
comprises helium. 

/ 46. The substrate processing systeki of claim 44 wherein the selected 

(deposition gases comprise silane and an oxygen source 

47. The substrate processing system o\claim 44 wherein the selected 
deposition gases comprise silane and nitrous oxide. 

48. The substrate processing system of clJ^im 44 wherein the selected 
deposition gases comprise silane and a nitrogen source. 
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49. The substrate processing system of claim 44 further comprising a 
vacuum system Ifor controlling pressure within the process chamber, and wherein the 
computer-readable^rogram further comprises a fourth set of computer instructions for 
controlling the vacuum system to maintain a chamber pressure in the range of 1 -6 Torr, and 

ein the selected deposition gases comprise SiH4 flowed into the chamber at a rate of 5-300 
scQTm and N2O flowed intoUhe chamber at a rate of 5-300 seem. 

50. The substrate processing system of claim 49 further comprising a heater 
r heating the substrate, and wherein the computer-readable program further comprises a fifth 

set of computer instructions for \ontrolling the heater to heat the substrate to a temperature in 
the rang e of 200-40 CrC^ . 

5 1 . The substrate^rocessing system of claim 50 wherein the substrate 
support is spaced from the gas distribution system at a distance in the range of 200-600^il^ 

52. The substrate pri^cessing system of claim 49 wherein the selected 
deposition gases further comprise NH3 flowed into the chamber at a rate of less than 300 seem, 
and N? flowed into the chamber at a rate of less than 4000 seem. 



supporting 



53. (Amended) A substrate processing system, comprising: 
a process chamber; 

a substrate support, located within the [vacuum] process chamber, for 
a substrate; 

an RF power supply; 
a heater; 

a gas delivery system for delivering process gases into the process chamber; 
a controller configured to control the power supply and the gas delivery system; 



and 



a memory coupled to the controller compnfeing a computer readable medium 
having a computer readable program embodied therein for directing operation of the substrate 
processing system, the computer readable program includingNa first set of computer 
instructions for controlling the gas delivery system to flow HeVnto the process chamber at a 
selected flow rate to provide a chamber pressure in the range ofV-G Torr, a second set of 
computer instructions for controlling the RF power supply to supniy power of 50-500 Watts to 
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the process chamber, a third set of computer instructions for controUing the heater to heat the 
substrate to a temperature in the range of 200-400**C, a fourth set of computer instructions for 
controlling the gas delivery system to flow SiH4 at a flow rate of 5-300 seem into the process 
chamber, and a fifth set of computer instructions to flow N2O at a flow rate of 5-300 seem into 
the process chamber, wherein a ratio of the selected flow rate of He to the combined flow rate 
of SiH4 and N20\s at least 6.25:1 to deposit an antireflective layer on the substrate at a 
deposition rate whrch is lower than a deposition rate using the same flow rate of SiH4 and the 
same flow rate of Nip with a lower flow rate of He. 

54. YAmended) A substrate processing system, comprising: 
a process; chamber; 

a substrate^ support, located within the [vacuum] process chamber, for 
supporting a substrate; 

a power suppu 

a gas dehvery ^stem for delivering process gases into the process chamber; 
a controller coni^ured to control the power supply and the gas delivery system; 

and 

a memory coupled t^the controller comprising a computer readable medium 
having a computer readable program>embodied therein for directing operation of the substrate 
processing system, the computer readable program including a first set of computer 
instructions for controlling the gas delivW system to flow selected deposition gases into the 
process chamber at deposition gas flow ra\es, a second set of computer instructions for 
controlling the gas delivery system to add £^ow of an inert gas to the selected deposition 
gases at a flow rate previously determined to Vchieve a desired low deposition rate from a 
reaction of the selected deposition gases, the desired low deposition rate being lower than a 
deposition rate using the selected deposition gase^ at the deposition gas flow rates with a lower 
flow rate of the inert gas, and a third set of compurer instructions for controlling the power 
supply to supply power to the process chamber to re\ct the deposition gases to deposit a film at 
the low deposition rate. 




55. (New) A substrate processing system comprising: 
a process chamber; 
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a substrate support, located within the process chamber, for supporting a 

substrate; 

gas delivery system for delivering selected deposition gases into the process 
chamber at depo^tion gas flov^ rates; 

meJtns for adding a flow of an inert gas to the selected deposition gases at a flow 
rate previously deteWined to achieve a desired low deposition rate from plasma enhanced 
reaction of the selected deposition gases, the desired low deposition rate being lower than a 
"d^osition rate using tne selected deposition gases at the deposition gas flow rates with a lower 
ow rate of the inert gast and 

means for depositing a thin fihn at the low deposition rate from a plasma 
WU enhanced reaction of the apposition gases. 

56. (New) The system of claim 55 fiirther comprising: 
means for ma^jntaining a chamber pressure of the process chamber in the range 

of 1-6 Torr; and 

means for heatifeg the substrate to a temperature in the range of 200-400**C. 

57. (New) A\substrate processing system comprising: 
a processing chamber; 

a substrate support, \ocated within the processing chamber, for supporting a 

substrate; 

means for flowing He i^to the processing chamber at a selected flow rate to 
provide a chamber pressure in the rang^f 1-6 Torr; 

means for connecting the chamber to an RF power supply to receive 50-500 



Watts; 




means for heating the substrata to a temperature in the range of 200-400°C; 
means for flowing Silij through\a gas distribution system at a flow rate of 5-300 



ccm: and 



means for flowing N2O through th^as distribution system at a flow rate of 5- 
300 seem, wherein a ratio of the selected flow rate of He to the combined flow rate of SiH4 and 
N2O is at least 6.25:1 to deposit an antireflective laye\ on the substrate at a deposition rate 
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which is lower man a deposition rate using the same flow rate of SiH4 and the same flow rate 
of N2O with a lo^r flow rate of He. 

58. \ (New) The system of claim 57 further comprising means for 
introducing NH3 into me chamber at a rate of 0-300 seem. 

59. (New) The system of claim 58 further comprising means for 
introducing N2 into the cniamber at a rate of 0-4000 seem. 

60. (IHewi) A substrate processing system comprising: 
means for SorA^iing an antireflective layer over a layer on a substrate by flowing 

selected deposition gases iiko a substrate processing chamber at deposition gas flow rates and 
adding a flow of an inert gas\o me selected deposition gases to deposit the antireflective layer 
at a desired deposition rate whicmis lower than a deposition rate using the selected deposition 

f, gases at the deposition gas flowVatles with a lower flow rate of the inert gas; 
means for formina a Ikyer of photoresist on the antireflective layer, the 
^antireflective layer having a thickness Vnd refractive indices such that a first reflection from an 
interface between the photoresist anM thk antireflective layer of an exposure light will be an 
odd number which is at least 3 multiplied W 180° out of phase with a second reflection from 
an interface between the antireflective layenand the substrate layer of the exposure light; and 

means for forming a photCiresrst pattern by exposing the photoresist layer to the 
exposure light and developing the exposeau)hMoresist layer. 

61. (New) A substrate processing system comprising: 
means for forming an SiON ani^reflective layer over a first layer on a substrate 

by flowing selected deposition gases into a subsVate^^processing chamber at deposition gas 
flow rates and adding a flow of an inert gas to the^elected deposition gases to deposit the 
SiON antireflective layer at a desired deposition rata which is lower than a deposition rate 
using the selected deposition gases at the deposition uow rates with a lower flow rate of 
the inert gas, said antireflective layer having a refractiv^intiex in the range of 1.7-2.9, an 
absorptive index in the range of 0-1.3, and a thickness in ma range of 200-3000 angstroms; 

means for forming a layer of photoresist overlthe antireflective layer; and 
means for forming a photoresist pattern by exmpsing the photoresist layer to an 
exposure light having a wavelength of 365 nm or less and de\te*k)ping the exposed photoresist 



